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Background
Cancer burden in the Czech population ranks among the highest worldwide and has been growing continuously [1, 2] . During 1990s and 2000s, the incidence of all major cancers was constantly increasing in the Czech population [3] , and the growth dynamic was consistent with recently published international data [1, [4] [5] [6] . The number of cancer patients is very likely to grow further, as a result of the ageing population. If health care is to be assessed quantitatively, knowing the number of cancer patients is an essential condition and a fundamental input. Thus, there is a strong need for a prospective modelling of cancer incidence and prevalence rates, as these measures are necessary for monitoring of the overall cancer load and its dynamics [7] . Moreover, a prediction of number of cancer patients requiring active anti-tumor therapy is an important issue, as necessary fi nancial resources need to be allocated. Due to centralized and decentralized part of cancer care, region-specifi c estimates are of a great importance as well. The disease extent should be also taken into account in the model as the clinical stage is, regarding patient life-expectation and anticipated fi nancial costs, even more important than age [8] . However, the eff ort to estimate cancer prevalence on a stage-specific basis is a challenging task [9, 10] . The stage-specific modelling is complicated and requires a comprehensive approach, since the stage at the time of dia gnosis need not necessarily coincide with the disease extent several years afterwards.
This paper presents the stage-specifi c predictions of cancer incidence and prevalence, and the stage-and region--specific estimates of patients requiring active anti-tumor therapy for the common dia gnostic groups of malignant tumors in the Czech Republic for years 2015 and 2020. Statistical model utilizing solely the population-based cancer registry data was used for this purpose [10] . The estimated numbers of probably treated patients are given with respect to individual phases of the anti-tumor therapy -the number of newly dia gnosed and treated patients, the number of patients treated for non-terminal cancer recurrence and the number of patients treated for terminal cancer recurrence.
Patients and Methods
Patients
Data of the Czech National Cancer Registry (CNCR), which was established in 1976 as a nationwide registry (10, 230 ,000 inhabitants according to the 2001 census), was used for the analysis. Until the end of 2011, there were more than 1.9 million cancer cases recorded in the CNCR. Malignant neoplasms were recorded according to the International statistical classification of diseases and related health problems, 10 th revision (ICD-10) [11] , and International Classifi cation of Diseases for Oncology (ICD-O, 3 rd revision) [12] . Tumors were staged on the basis of TNM classifi cation system, currently 7 th edition [13] . Only clinically relevant cancer records entered the modelling procedures. In some cancer dia gnoses, data on cases dia gnosed in 1977-1981 were excluded due to the lack of classifi cation system for clinical stages. Moreover, the records on patients dia gnosed as death certificate only or at autopsy were excluded from the analysis as well. Finally, 1,777,775 incident cases were considered for analysis.
Four age categories were considered in the estimation process -15-49 years (children under 15 years were included only among brain cancer, Hodgkin and non-Hodgkin lymphoma patients), 50-64 years, 65-79 years and 80+ years; as well as four categories for the disease extent -clinical stages I, II, III, and IV. In some cancers, however, stages I and II
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Východiska: Česká republika se celosvětově řadí mezi země s největším zastoupením onkologických pa cientů, což v důsledku vede k potřebě prospektivního modelování epidemiologie nádorových onemocnění, jako je incidence, prevalence a počet pravděpodobně léčených pa cientů. Tento článek prezentuje odhady incidence, prevalence a počty pa cientů pravděpodobně léčených pro nejčastější nádorová onemocnění v ČR pro roky 2015 a 2020. Odhady jsou prezentovány po stadiích a dále dle jednotlivých fází léčby pa cienta v podobě počtu nově dia gnostikovaných pa cientů, pa cientů s progresí/ relapsem v neterminální fázi a pa cientů v terminální fázi léčby. Pa cienti a metody: Analýza byla provedena na datech Národního onkologického registru z období 1977-2011 s vyloučením záznamů dia gnostikovaných z listu o prohlídce zemřelého a při pitvě. Celkem jsme uvažovali více než 1,7 milionu záznamů onkologických pa cientů. Statistický model kalkuloval odhady incidence, prevalence a počtu pravděpodobně léčených pa cientů pouze s využitím populačních dat a s ohledem na měnící se demografi ckou strukturu populace ČR a klinické stadium nádoru při dia gnóze. Výsledky: S ohledem na nejčastější onkologické dia gnózy, naše analýza predikuje 89%, 15%, 31% a 32% nárůst v incidenci zhoubného novotvaru (ZN) prostaty, tlustého střeva a konečníku, prsu u žen, resp. plic v ČR v roce 2020 vzhledem k datům za rok 2011, což u těchto dia gnóz představuje predikovanou incidenci ve výši 13 153, 9 368, 8 695, resp. 8 604 nově dia gnostikovaných pa cientů. V prevalenci v roce 2020 (opět vztaženo k roku 2011) pak predikujeme pro ZN prostaty, tlustého střeva a konečníku, prsu u žen a plic nárůst ve výši 140 %, 40 %, 51 %, resp. 17 %, což v případě ZN prostaty a ZN prsu u žen znamená překročení hranice 100 000 onkologických pa cientů s historií daného onemocnění. Prediktivní odhady počtu pravděpodobně léčených pa cientů se ZN prostaty, tlustého střeva a konečníku, prsu u žen a plic v ČR pro rok 2020 jsou 23 652, 14 006, 14 759, resp. 8 272. Závěr: Naše analýza potvrzuje výrazné zvýšení incidence a prevalence nádorových onemocnění v ČR v letech 2015 a 2020 a u vybraných dia gnóz prezentuje počty pa cientů, kteří budou v letech 2015 a 2020 pravděpodobně vyžadovat protinádorovou léčbu. Tyto odhady mohou sloužit k analýze rizik, monitorování kvality léčby a k optimalizaci ekonomických nákladů souvisejících s onkologickou péčí.
Klíčová slova
Národní onkologický registr -zhoubné nádory -predikce -incidence -prevalence -protinádorová léčba phase [17] ). As for terminal cancer recurrence, the approach is based on the simplifying assumption that nobody can die from cancer, with cancer being the main reason of death, without passing through the phase of generalized disease.
• The proportion of patients treated with anti-tumor therapy refl ecting the patients' health status is derived from the CNCR population data on primary anti-tumor therapy.
Four scenarios combining progress in incidence rates (modelled or stabilized) and survival rates (improving or stabilized) were considered in the prevalence model. However, results corresponding to only one of the scenarios are presented for each dia gnosis due to space restrictions. The estimated numbers of probably treated cancer patient are subsequently localized for regions of the Czech Republic, using the same methodical approaches. In particular, these partial distribution of age categories in the monitored population, the predictions of incidence rates take into account information on developments in age structure of the Czech population. The calculation is based on the Poisson regression model. Point estimates are supplemented with 90% CIs, using the delta-method [15] to estimate the standard error.
• The life-table method [16] using the moving window principle is employed as a method to estimate the overall stage-specific survival rates. In this procedure, the survival rates are estimated successively, using the cohort analysis of patients dia gnosed in partially overlapping 5-year time intervals.
• Regarding non-terminal cancer recurrence, it is estimated using the information on the patient's health status and anti-tumor therapy applied after the fi rst year following dia gnosis (fi rst year after dia gnosis is assumed to correspond to the initial treatment were merged prior to analyses due to changes in the TNM classifi cation system in 1995 [14] . Moreover, cases with missing information on stage (denoted as X) were also considered for the model, as they represent an indispensable mass of all records.
Methods
The model is based on data from the CNCR, and all estimates have been done with respect to the changing demographic structure of the Czech population. The concept of estimation comes from the model of time interval prevalence, a number of patients who both have a present or past dia gnosis of cancer and are alive in a population during a certain period. Detailed description of the model was published elsewhere [10] . Regarding one age group, the stage-specific prevalence in calendar year y can be expressed as the convolution of the stage-specific incidence at i years prior to the calendar year y and the corresponding i-year survival rate. To obtain the number of patients receiving active anti-tumor therapy, the stage-specifi c prevalence needs to be further corrected for the probability of being untreated with anti-tumor therapy due to poor health condition or other objective reasons, and, simultaneously, it needs to be corrected in a way that the only considered patients are those with the recurrence of the disease in a good health condition to allow for anti-tumor treatment. The correction is accomplished using the stage-specifi c probability of being treated with an anti-tumor treatment in the year y and the function that describes the probability of cancer recurrence after surviving i years after primary dia gnosis. Moreover, we assume that each patient dia gnosed in stage s can suff er in time from two forms of cancer recurrence, either non-terminal (actually not leading to death in the year y), or terminal (leading to death in the year y).
The individual components of the model are then estimated as follows:
• In view of the fact that changes in incidence rates of malignant tumors very frequently refl ect changes in the Tab. 1. Cancer epidemiology in the Czech Republic (all cancers including skin neoplasms C00-C97, data from 2011). *Stage IV is not defi ned for testicular cancer (C62). **Clinical stage was not considered in models for brain tumors (C71) and multiple myeloma (C90).
Parameter
is illustrated in Tab. 1. In 2011, 77,773 new incident cases (740.3 per 100,000 individuals) of all cancers including skin neoplasms (C00-C97) were dia gnosed. The crude incidence rate continuously increases with the growth index +27.6% in the last decade (2001-2011). Growing incidence and stabilized mortality necessarily increase prevalence which exceeded 475,000 of cases in 2011. Time trends in incidence, mortality and prevalence (calculated per 100,000 people) of all malignant tumors including skin neoplasms (C00-C97) in the Czech Republic according to patient's sex are given in Fig. 1 .
The predicted values of stage-specifi c incidence for years 2015 and 2020 are shown in Tab. 2 and 3, respectively. We can see that 9,693 newly dia gnos ed prostate cancer cases are expected in 2015 in the Czech Republic (corresponding to 39% increase with respect to 2011 [3] ) introducing prostate cancer as the most incident dia gnosis of all malignant neoplasms in 2015. This trend is also expected in 2020 with estimated 13,153 newly dia gnosed prostate cancer cases (89% increase with respect to 2011), followed by 9,368 (15% increase with respect to 2011), 8,695 (31% increase with respect to 2011), and 8,604 (32% increase with respect to 2011) newly dia gnosed colorectal, female breast, and lung cancer cases, respectively. Tables 4 and 5 show the predicted values of stage-specific one-year prevalence for all considered cancer dia gnoses in 2015 and 2020, respectively. According to the model, we can expect more than 85,000 prevalent females with history of breast cancer (21% increase with respect to 2011 [3] ), almost 66,000 colorectal cancer patients (16% increase with respect to 2011), and more than 65,000 prostate cancer patients (52% increase with respect to 2011) in the Czech Republic in 2015. In lung cancer, only 6% increase in prevalence (to 18,401 patients in total) is expected in 2015 with respect to 2011. In 2020, more than 100,000 prevalent female breast cancer patients are expected in the Czech Republic (51% increase
Results
The growing cancer burden in the Czech Republic, demonstrating the need for prospective estimation of the epidemiology characteristics, calculations take into consideration the epidemiological situation in a given region, from which weights are derived to distribute the population-based prediction. 
Tab. 4. Predicted values of cancer prevalence in the Czech Republic in 2015 according to diagnosis and clinical stage of primary tumor. Numbers of patients are accompanied with 90% confi dence intervals (in brackets).
Diagnosis (ICD-10 code)
Stage 
Discussion
Czech Republic is among countries with the highest cancer burden where mortality from cancer contributes 25.8% to the overall population mortality. Moreover, we can expect the overall cancer burden to grow even in the future [4, 5] . The current role of cancer epidemiology is not purely descriptive. Knowledge of age-, stage-, and region-specific trends is necessary to evaluate the eff ectiveness of dia gnostic processes, to identify weak points in the management of cancer care and to analyze therapeutic outcomes. Moreover, to be able to monitor and evaluate the cancer patient population dynamics, it is necessary to prospectively model incidence and prevalence rates. In this paper, we present the stage-specific predictions of cancer incidence and prevalence, and to be treated in the Czech Republic in 2015 and 2020, respectively (Tab. 6). Regarding the overall number of these patients treated in stage IV, 3,899 (31%) and 4,190 (30%) colorectal cancer patients are predicted to be treated for the metastatic disease in 2015 and 2020, respectively. Similar estimates can be observed for female breast cancer -12,827 and 14,759 females requiring active anti-tumor therapy for breast cancer in 2015 and 2020, respectively (Tab. 8). However, only 15% (1,932) and 13% (1,958) are expected to be treated for the metastatic disease in 2015 and 2020, respectively.
The numbers of patients requiring active anti-tumor therapy were also localized to individual regions of the Czech Republic. An example of such analysis for colorectal cancer is shown in Fig. 2. with respect to 2011), as well as more than 100,000 prevalent prostate cancer patients (140% increase with respect to 2011). In colorectal and lung cancer, 40% and 17% increase in prevalence is expected in 2020 with respect to 2011.
The numbers of patients requiring active anti-tumor therapy for colorectal, lung, female breast and prostate cancer in the Czech Republic in 2015 and 2020 are given in Tab. 6-9. For each cancer dia gnosis, the three columns represent the individual components of the proposed model -the estimated number of newly dia gnosed and treated patients, the estimated number of patients treated for non-terminal cancer recurrence, and the estimated number of patients treated for terminal cancer recurrence. For example, we can see that 12,673 and 14,006 colorectal cancers are expected prostate cancer, respectively, in the Czech Republic between years 2015 and 2020. Increasing numbers of cancer patients treated in the continuing care phase resulting from the increase in the number of cancer survivors were reported also in the US study [19] . The estimation of the stage-specifi c prevalence is a challenging task with a relatively little information on this subject in the literature [9] . Disregarding the stage-specific nature, several methods have been proposed for future cancer burden estimation based on diff erent modelling strategies. The back-calculation method, combining parametric estimates of incidence and survival, is the most frequently used. The PIAMOD model [20] has been repeatedly used for projections of cancer prevalence utilizing the age-period-cohort model for cancer impossible to predict whether they will be implemented. In the US, we are currently witnessing a decrease of prostate cancer incidence after a peak caused by the onset of prostate cancer screening in the 1980s. On the other hand, in lung cancer, we expect 32% increase in incidence in 2020 but only 17% increase in prevalence in 2020 with respect to 2011. The reason for such a discrepancy is simpledifferent stage distribution and the associated stage-specific mortality of both dia gnoses. Not only epidemiology characteristics but also the number of cancer patients requiring active anti-tumor therapy is expected to grow steadily in the Czech Republic up to year 2020. We expect an increase of 11%, 15%, 15%, and 42% in the number of patients probably treated for colorectal, lung, female breast, and the stage-and region-specifi c estimates of patients requiring active anti-tumor therapy in the Czech Republic for years 2015 and 2020.
The analysis, which utilizes solely the population-based cancer registry data, documents a serious increase in cancer incidence and prevalence in the Czech Republic in years 2015 and 2020 when compared to the situation in 2011. For example, enormous increase in prostate cancer incidence and prevalence is expected in 2020 with respect to 2011: 89% and 140%, respectively. Such findings are concordant with results published for other European states [1, 18] . However, the incidence of prostate cancer will depend on the existence of prostate cancer screening programs. The benefi t of screening programs has not been firmly established and it is therefore On the other hand, we can assume that the improvement in cancer survival will show recently identified trends also in the future. In accordance with other epidemiological studies, for example [21] , four scenarios combining progress in incidence and survival rates were considered in our prevalence model. However, results corresponding to only one of the scenarios are presented in this paper due to space restrictions.
In colorectal cancer, for example, we feel that the most likely scenario for the forthcoming years is the one with improving survival rates [10] ; however, the stage-specific trends in incidence are not uniform. The incidence of stage I colorectal cancer is increasing due to earlier detection within colorectal cancer screening, where uptake of the screening program has substantially for long-term survival (e. g. Hodgkin disease, cancer of testis, etc).
Predictive population modelling allows us to work with different scenarios for individual epidemiological characteristics, which logically leads to diff erent estimates of incidence and particularly prevalence. An example might be the trend in cancer incidence, which can either follow a particular trend, or it may show stabilized values (of course, expressed per 100,000 people). Therefore, the incidence rates can be modelled using statistical tools, or we can assume a stabilized behavior according to the latest available data. Another example of using scenarios in population-based modelling is the evaluation of cancer survival. Again, we can assume that survival rates are not changing over time, and calculate them using the most recent patient data. incidence and age-drift model for extrapolations. Cure fraction model is employed for relative survival estimation, including period effect useful for extrapolation of survival into future time periods. In principle, our model uses similar back-calculation technique. Incidence is described and extrapolated through age-drift model; the observed survival is used for describing the patient prognosis. The survival is estimated through life-table method with moving window approach, using logistic regression model for future projections. The principal distinction between PIAMOD and our model is therefore a diff erent approach for estimation of survival. The fully parametric representation of patient survival in PIAMOD model may be more suitable notably for projections in cancer dia gnoses with good chance type of modelling, as the estimates calculated from clinical or hospital data can lead to biased results due to non-representativeness of the underlying set of patients.
Conclusions
In this paper, we present the stage--specific predictions of cancer incidence and prevalence, and stageand region-specifi c predictions of the number of patients requiring active anti-tumor therapy for malignant tumors in the Czech Republic in 2015 and 2020. The analysis, which utilizes solely the population-based cancer registry data, documents a serious increase in cancer incidence and prevalence in the Czech Republic in years 2015 and 2020 when compared to the situation in 2011. Moreover, the stage-and region-specific predictions for colorectal, lung, female breast, and prostate cancer implies correspondingly increasing numbers program [23] which already reached more than 50% coverage of target female population (aged 45-69 years). Similarly, as a consequence of widely used PSA test, we can observe a growing incidence of early detected prostate cancer although no organized screening for this type of cancer exists in the Czech Republic.
The most appealing and most ar guable components of the model are cancer recurrence rates of patients dia gnosed in the past and living in the year of interest. The rationale behind the estimation of functions representing the non-terminal and terminal cancer recurrence rates is to use surrogate parameters, which introduces high requirements on the data quality of the population-based registry. Such high quality of population-based data cannot be fully guaranteed; however, we feel that the estimates coming from the population-based databases may be more appropriate in this increased in recent years [22] . On the other hand, stabilized incidence rates can be expected for advanced colorectal cancer. The improvement in survival rates can be attributed to the establishment of the network of highly specialized Comprehensive Cancer Centers that took place in the Czech Republic in 2006 [2] , and the introduction of molecular targeted therapy in recent years.
Due to various health care interventions, e. g. the above mentioned screening programs, the recent situation in cancer epidemiology diff ers from dia gnosis to dia gnosis. For example, the incidence of breast carcinoma in females is signifi cantly increasing (growth index 2001-2011: 22.9%), it is accompanied with continuous increase of cases diagnosed early (according to recent data, 75.3% of incident cases were dia gnosed in stage I or II) [3] . These positive changes are due to increasing impact of the Czech national breast cancer screening 
